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ABSTRACT

‘*! prototype coupled Marina Atmospheric Boundary Layer
(MABL) and Oceanic Boundary Layer (0BL) m>del, from physical
models which have been separataly formulata2d, is developed.
The c¢bservational efforts will be direct=d toward coupling
(local) point MABL and OBL f=2atures. Bmphasis ir ¢he char-
acterization of local features will be on *the evolutions of
the adjacent well-mixed layers. The appr&ach will be %o
compare observed evolutions in the oceanic and a*mospheric
; boundary layers with predictions from bulk models wherein
+he ocean influences ¢+he atmosphere through fhe surface *ena-

perature which, in *urn, is influenced by a“mospheric forc-

ing. The 2tmospheric forciag parama2tars are *he local
surface turbulent fluxes and radiation. Surface turbulen*
fluxes are conrtrolled by the surface :tempsrature and atmos-
pheric mixed layer parameters. Radiation is con%rslled by
predic*ed cloud fcrma+ion and iissipation\
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I. INTRODUCIION

The idea +that both atmospheric and subsurface znviron-
mental conditions can have a significant sffect (enhancement
or degradatior) on modern weapon and sensor systems has now
bsecome a reality to many mili+ary leaders. This has led to
a greater demand for more reliable and accurate atmospheric
and oceanic prediction schemes. Prediction of +the =zxistercs
and evolution of electromagns+ic ducts arsz important in pre-
dic=irng over the horizon surfacs to surfacs detection. Pra-
dictions of +the inversion height is important whers it is
known that optical propagation is degraded due “o “urbulence
and extirction. Ocean mixed layer predictions are importan*
for detarmining convergence zona distancss, op+imum source
ievel depth, and cutoff frequsncy for acoustic surface duc*
propagation.

The ability to rrovide accurate forscasts resquires a

completz undarstanding of *hs dyramical processes occurring

n each of “he atmospheric and oceanic boundary layers, and
as impor<ant, the processes a2ssociated wi*h coupled Iccal
charges in the two layers.

Very little is known about the interactive naturs of the

adjacent turbulent boundary layers. Th> chjective of this

11
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thesis is to formulate a model which couples +two already

existing and proven models f£or the respective adjacent
vell-mixed boundary layers. This coupling is achieved by
matching the surface boundary conditions for stress, mass
flux and heat flux (Figure 1).

This coupled model may then be used to examine the pro-
cesses of coupled local oceanic and atmospheric mixed layers
at time and sva*ial scales of 12-18 hours and 50-100 km,
respectively. Significart changes in both mixed layers can
occur at these scales. Explaining these changes requirss
coupled evaluations of existing atmospharic and oceanic
well-mixed layers at a point.

At the present “ime, we 9only have gualitative evidence
“*hat changes in each layer ars correlat:zd. The rigcrous
soecificaticns or descrip*ions >f the coupling will requice
considerable interpretive efforts and, perhaps, improved

formulation of the separate moizls.
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II. PDACKGROUND

A. GENERAL BOUNDARY IAYER PEATURES

The Marine Atmospheric Boundary Layar (MABL) extends
from the surface “hrough the capping inversion. The Ocearic
Boundary Layer (OBL) extends from the sirface to the sea-
sonal thermocline. The air-saa interface is bordered by
oceanic and atmospheric ¢urbul2nt aixed layers which effec-
tively insulate the gquasi-gedstrophic »>cearic and atmos-
pheric flows below “he thermocline and above the inversion,
respectively. The primary source of <+“h2 *urbulences is the
velocity (current) and buoyancy (density) gr-adients created
by interaction a* the interfacs. The large vertical mixirng
yields nearly homogeneous (wsll-mixad) wind, *temperature and
tumidi<y profiles above the surface. In the ocean, the <ern
mixed layer refers +%c the r2gion cf vertical uniformity in
mearn velocity and density. Alt hough densizy is a function
cf both “emperature and salinity, i+t is wusually dspenden+
upon temperatur=2 except whan large near-surface salini+y
changes occur due to heavy precipitation or ice mel: in high

lazitudes. A+ +*he ‘lottom 2f the o5cean aixsed 1layer and at

14
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the top of the atmosrhere aixed layer are thin <ransi*ion
regicns (thermocline < inversion). The maixed layers inter-
act with the upper and lower layers at *hese regions by
means of turbulent forced entrainment. Typical model pro-
files depicting the boundary layer regions for both <%he
atmosphere ané ocean are shown in Figure 2.

The well-mixed na+ure of both the turbulent MABL and OBL
implies features for the vertizal dJdistribution of mean val-
ues and vertical fluxes of wind, temperature and huaidity in
the atmosphere and density and mcmentum in the ocean. One
feature is +ha* the properties which ar2 conserved during
nixing can be treated as being constant with height (depth)
in the boundery layer. A sacond featur2 is tha= vertical
fluxes of +*he well-mixed parameters vary 1linearly wi%h

eight. These features enable predictisns <¢o be based
€olely o>n the surface and inversion (entrainmen+) fluxes iIf
advection is negligible.

Another impor+ant source of energy, in addi+ion to zur-
bulent kinetic erergy, in beth mixed layars is radiazion.
Unlike the MABL, mos% of the solar radiaticn does not pene-
trate the OBL. Therefore, downward turbulen+t heat flux in

the OBL is as important as the upward flux. Sirce the long

15
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vave (infrared) radiaticn flux i{s absorbed and emit+ted
within the first wmillimeter of the sea surface, this flux
component is essentially anothar componsnt of the ocsanic
surface heat flux. The total surface heat flux is comprised
of sensible and latent heat and the long and short wave
solar radia:ion. Bcth the long and short wave (solar)
fluxes into the ocean are critically dependen+ upon the
existance of clouds in the atmosphere.

In both +he MABL and OBL, buoyantly-created velocity
fluctuations and mixing have the most proncunced effect on
mixed layer characteristics. Garwood (1977) states tha+
buoyancy-forced vertical wixing has a wmore obvisus ard
direct role Zin +the mechanical energy budget, as showr in
Fiqure 3. 1Ir *he atmosphere, 2ven under n=ar neutral condi-
<ions, buoyancy forced fluctuaiions and mixing can be qui=zs
large. These buoyancy drivan energetic eddies fill <the
atmospheric bcundary layer from the surface “o “he inversion
where “hey entrain warm, dry air and bring more momen‘um
into the mixed layer. If eatrainment causes “he MABL %o
ex-end above “he 1lif*ing ccndensation 1lev2l, <c¢louds or fog

will form within the layer,

17
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It is the realization that buoyancy driven

depends on *he near surface stability, which

controlled by local atmosph2riz £fcrcing 3£ the

layer which makes a coupled pradiction approac

A circularity 3in cause and effect ariszs beca

buoyancy £lux induced entrainmen* not only in

depth of +he MABL, but it also changes i+s ef

The role 2£f <he

ocean mixed layer. surface b

means changes irn +the oceanic well-mix=d laye

either the cause or the result of entrainmen+
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cause and effect relationship is the format*ion and dissipa-
tion of clouds within the ABL. Clouds can be caused by
changes of the ocean surface tamperature. In turn, <clouds
have a profound effect on the shor:t and long wave radiation
budget for the OBL.

These cause and effect relationships shew that the
assessment of relative roles of dynamic processes in bo<h
layers requires coupled evaluations using relatively coaplex
physical models. A data set collected (Dividson e+ 3l 1983)
over a 48 hour period in May 1978 demonstrates “he nature of
coupled local changes in +he atmospheric and oceanic bound-
ary layers. For a period from 1700 ¢5 0500 1local +ime,
clouds axisted in the MABL and wirds incra2ased steadily from
6 to9 nms’' during *+his period. I+ is suggest:zd this
increase was associa*ed with deepening of +he MABL (and
<herefore, <*he entrainment of additional momentum in*to *hs
mixed layer) which is, ir *urn, associatsd with +he surface
cemperature. The oceanic boundazy 1laysr deapened as *“he
wind reached a maximum, resul<wing in the surface tempera“ure
dropping from 14.59 +o0 13.0°C.

There were other atmcspheric responsz and fo-cing fea-

tures observed during <+he =2ntire 48 hour  perisd frem

19




571971200 to 5/21/1200 PST which are balieved +o have besn

associated with coupling between the tw> layers. Atmos-
pheric and oceanic mixed layer observations appear in Pigurs
4.

These additioral features are:

a) The ABL depth increased from 250 t> 750 meters over
the 48 hour period. The changes occured in relatively
short Intervals, from 2070000 t> 20/0400, and from
2170000 o0 21/0500. Tha ABL depth remained at near
constant depths during the intervening 12 +o 18 hour
periods.

b) The surface layer temperature incrzase from 20/0000
to 2071500 is indicativa of entrainment of overlying
warm air. This entrainman* presumably was a factor
in the wind speed increase over ths same period. The
speed iIncrease, in “+urn, presumably caused the wara
shallow OBL “0 be Jestroyed which d:opped *he surface
temperature af«er 20/1800.

c) TrLe mos* dramatic chang2 in the Y4ABL occured during
the period froa 21,0000 to 21/0500 which was immedi-
ately after “he surface temperatursz had dropp=d due

to winé mixing.
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i Questions which cculd be p>sed on the basis of the above

. a,

b)

<)

d)

made

This thesis will
+ions on

stazed earlier,

The scope
“ra*ed in Figure 5.
by
Model).
Naval Pos

Layer model (Davidson et

data are:

Did the dramatic change in the ABL depth at 21/0000
occur as a result of th2 ocean forcing the atmosphere?
Does the fact that the mixed layer evolved with rapid
changes followed by equilibrium periods indicate feod-
back between the boundaries?

What wculd have occurreil if the wind had reached its

maximunm value at a time other than after sunsat?

Was the time of occurrence ¢f the wind maximum ang,
hence, “he ocean mixing controlled by *he coupled

nixed layer system?

at tempt tO answer so>me of thsse ques-

the basis of *he £formulated coupled model. As

all answers can only b2 ob*ained through

considerable interpretive efforts.

of the overall scientific =2ffor+ is 4illius-

The local oceanic dsscriptions will be

a bulk oceanic mix2d layer md>del the Garwocd

The atmospheric descriptions will be mads by *“he

tgraduate School (NPS) Marine A-maospheric Bounda:cy

al 1983). Tac-ically significant

22
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cperatiosonal descripticms (forecasts) to which the improved
understardings would apply, appear on the extreme right hand

side of Pigure 5.

B. MARINE ATMOSPHERIC BOUNDARY LAYER (MABL) MODEL

The NPS boundary layer modal is a zerd>-order, two layer,
integrated mixed layer model. The two layers consist of the
well-mixed, <*urbulent boundary layer, 2and ¢the relatively
non-turbulent free atmosphara. The m>del is based on
entrairment energetics formulated by Stage and Businger
(1981) and crn radiative transfers described by Davidson et
al (1983).

The inversion (or transition zone) separates one layer
from the other. In a zero-orlder modsel, *he inversiorn is
assumed to have zero *hickness, hence, 2 discontinuity, or
jump occurs ir the profiles of the consarvative parame<ecs
a* +<he irversion.

The present model requirss as inpput, an iri+ial a<mos-
pheric socundirg, the mean winis at a level within the sur-
face layer (10-30 meters) and the surface <“emparatura.
Boundary layer wind values for the duration of “he fo-ecast
period can be ob*ained £-cm larger scale models. In this

study, actual hourly wind spe2d m2asur2m2n<s were input as

23
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h-
Ej part of the model initialization. Sea-surface temperature
[} remains unchanged from the initial irput value. However, in
p the coupled model, the sea-~-surface temparature will change
L during the forecast period and will be that predic+ed by the
OBL mod=21. Well-mixed temparature and humidity are predic-

+ed sc *he surface wird and wind shear at the inversion are

the only atmospheric variablss which have +o be prescribed.

The larger scale subsidence, obtained from the large scale

model must also be prescribed f£or the forzcast period.

LABI 2l 4

Thrze methods can be used to compute *he large scale

’ ‘*‘,YFY‘.

ver+ical velocity (suksidence) from single s*ation observa-
tions. These three methods are well described Dby Gleason
(1982) and Znclude the kinematic and adiabatic methods and
“h2 in*agra*icn of “he moistur2 budget squa+ion (Q-msthod).
Gleason's study showed *he Q-mzthod displayed the most meriz

as a siagle-station assessment of subsidsnce. This method

[l - QAR RgRS S AReteaiag

[t

was used to compute subsidercz for this study. Th= solar

zeni+th angle used ir +he computa+icr of =hs shor*t wave radi-

ative flux is determined from %+he latitude, Jjulian day and

BEEaL A 2kt

~ime of day cf the initial input.

Th

[

nodel predicts the time evolution of +the inversion

height, and the mixed layer values of 9 (:zmperaturs and q

25
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(humidity), as well as their jumps, at 30-minute intervals.
The predicticn model is run out +o 24 hours. The steps in
+he predicticn computation are shown 3in Pigure 6, where it
is ncted tha* procedures are the same for clear and cloudy
cases except for entrainment computation and estimation of
cloud +op cooling.

The model uses the standard in*tegrated rate 2quations
(Ternekes and Dreidonks, 1981) to predic:t “he time evolution
cf the conservative variables and their jumps at the inver-

sion. These equations are:

h(Dx/Dt) = (w'x'% -(w'x'h‘+ source (1)

h (D&x/Dt)= hfx (dh/3t) - (w'x '), ¢+ (w'x"), - source (2)

where I' is the lapse rate abovz the inversion and ﬁhe source
term is equal to - (F,,~ FJ)/PSe for x=0 and equal to zero for
{=q. F, I1s *the net radia%*ive fiux. The subscripts zero and
h refer to surface and inversior height values, rsspec-
tively.

Stage and Businger's (1981) entrainmznt veloci:y parame-
terization i1s used to close the system of equations and
determine the time evclution of +he inversion height. The

closure assumption states that the dissipation ra*e of *he

26
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turbulent kinetic erergy (TKE) is a fraction (1-k) of <he
preduction rate. YA' is the antrainment coefficient, taken
as 0.2.

Mathematical modeling of radiative flux transfer is an
extremely complicated but still developed subject. Unfortu-
nately, even the simple radiative transfar models are still
extremely complex in comparison to most other physical
parameterizations used in the mixed laysr model. Uncer-
tainty in background aerosols, atmospheric absorbing gases
(va<er vapor, carbon dioxide, >zone) and cloud droplet size
spectra are sources of error in radiation calculations.
Long and shert wave radiation fluxes are compu-ed sepa-
rately.

The long wave radiaticn flux calculation was modified %o
permit non-black stratus clouds by introducing =he cloud
emissivizty, Eov which is a function of *h2 total cloud lig-
uid content, W. Since the cloud liquid wazer profiles are
approximately linear wi+h height (Davidson e+ al, 1982),
cloud 1liquid wa*er centert and cloud esmissivity ars given

by:

W= 0.5pa(h = 2¢)4,, (3)

€c= 1 - exp(-aW) (4)
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where p, is the density of air (1.25X 10°3gm ce®), h is the
height of <the mixed layer (cloud top), Z¢ is the liftirng
condensation level (cloud bottom), a=0.158 (Slingo, 1982),
and gq,, is the liquid water conten% at th2 cloud *“op.

The long wave cloud top net radiation flux, L,,, can be
calculated from the cloud top temperaturse, Th o and the
effective radiative sky tempsrature, Tsy,, USing the Stefan-~
Bol*zmann Law. A* +he cloud bottom, this flux, L,;, is cal-

culated in +he same mannar using *he sea surface

temperature, T, and cioud bottom tempera“ure, T.. These
fluxes are given by:
Lon=EcT (T, = Toiy) (S)
. 4
Lne=Ee0 (T’ = To' ) (6)

where g° is S<efan's ccnstant (4.61 x 13°'') ardg,, cloud
emissivity, is ob*tained from ejua*ion 4, The net long wave

flux a= the surface, FMng s becomes:
4 =4 4
Flong = 0(Ts = €T - (1=&) Ty ) (N

where T is =*he average tempersature 2f *h: cloud. For the
ciloud free case, the ne:t fluxas are calzula%ed a* Z=h and
Z=0 using the standard method (Pleagle and Businger, 1978)
of integratin “he flux emissivity profile. The ne%t long

wave flux at *he surface for the clear sky case is:

29
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F, - P4 (8)

vhere P, is the upvard radiative flux and Py is the downwacd

radiative flux.

Surface fiux parameterization (bulk aarodynasical) for-
mulae
ar= ' %, (92)
T#= Cq’ 8y~ ) (9b)
g*= Cy (9o~ @ (9¢)
are used to determire the surface fluxes >f momentum, sensi-
bie heat and latent heat. Thes2 fluxes are given by:
untut= u*2 {(momen tum) (10a)
Tty'= g #T* (sensible hz2a%) (10Db)
qtwt= y*q* (laten* h2at) (10¢c)

where C4 and Cy are the
coefficient,
specific humidity. The
value.

The shor=
del+a-Edingtcr method
for

model %5 acccun-

P U U S S

8 s the potential

wave radiativa flux

ten meter stabili+y dependzn+ dca

<2mperature, ard g is ths

subscript zero iznotes the surface

is calcula*ed using <*he

(Joseph, 1976) . This was added to ths
hez<ing of *he mix=2d layer by sola:
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radiation. Shor“ wave extinction is dominated by scattering

(as opposed *c absorption). This scattered radiation foras
a second short wave radiative component usually referred ¢o
as 'diffuse' solar radiation. Scattering in the mix2d layer
is due to atmospheric particlass, cloud droplets in +*he
cloudy case and sea-salt aerosols in ths cloud-free case.
This MABL model computes both ¢the direct ard diffuss radia-
tive components *“o determine th2 to*al sho-t wave radia+tion
flux at the surface. An explanation of the delta-Eding+on
methed and all of the parameters, atmospheric factors, and
equations involved is a very complax subject and is beyord
+he scope of *his paper. An 2xcellent review of this sub-
ject has Dbeer published by PFairall (1981). An impor+an<
sho-* wave radia*ive rarameter that is prascribed in the ABL
nodel is the fraction of reflected short wave radiation, Ag,

from the sea surface. It is taken 2s 0.1.

C. OCEANIC BCUNDARY IAYER (OBL) MODEL

Garwocd (1977) developed an ocean mixed layer model
using *he Navier-Stokes equation cf mo=ion with the geostro-
phic component eliminated, the continuity equaticr in incom-
pressible waczer, the heat quation fron <he fi-st law of
+*hermodyramics, <*the conservazion of sal:t equa“ion, ard a

linearized equation of state.

31
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Predicticn of the rate of 12epéning (>r retrea+) of *he

nixed layer is dependent upon an unlerstanding of the dynam-

3

g ics of the entrainmen* process. Tke turbalence of the over-
| lying mnixed layer provides the energy nezded to destabilize
ti and erode the underlying stabla water mass (Garwoosd 1977).
? Therefore, +he *urbulent kinetic energy budget is tha basis

for the entrainment. This system is closed usirg 2a mean-
turbulent~field modeling of th2 vertically integrated equa-

“ions for the individual TKE components, plus the inclusion

of the bulk buoyancy and momentum eguatioas.

Seperate verical and horizontal equations for TKE are
used to better hardle the mixing process. Buoyancy produczd
energy is somewhat aore efficiznt than shsa: p-oduction as a
scurce 2f ererqgy for vertical mixing beciuse of its urigque
effect or *he vertical componeat of <he “uarbulent veloci-<y.
Tha ftucyancy equation is generated from the heat and sal<

equations together wi*h an equation of stats=:
P=poli-(@ - 0,) +B(5 -5, (1
and buoyancy Is given by:

B= q( -81/5 (12)
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vhere 0 is temperature, S is salinity,,f jensity, g gravity,

-

o 4, AR

o
el 1,808, ¢4 Sdet
T e v LA P

ard the cons-ants « and @ are the expansion coefficiznts for
heat and salt, respec*tively. The *ilde rapresen+s the total

{nstantaneous value and the subscript zero denotes an arbi-

trary, but represernta*ive, constant valua. Using b instead
cf 6 (tempera*ure) for the 3d=finition 9f buoyancy allows
this model to be applicable 3iIa situations where evaporation
and precipitation contributs significantly +to the surface
buoyancy £flux. Temperature is in most cases considered to
be the dominz+ing factor in th2 density profile. The rela-
“ive importarce of the salinity effect orn the shor* term
evclution of “he density profile is generally no+ signifi-
cant (Miller, 1976).

Temperature and salinity profiles, and for 2x+tendad

forecasts, *he wind driven horizcntal current profilas, are

required as input for model initializatioa. These are usad

“o compu+-e +*he mixed layer d=2pth. The 3acwocd OBL meod=l

-

-

ki defines the mixed layer depth, h , as “h= shallowest dep%h
Ef at which the <cbserved density valus, 03 , 15 0.0207 uni:s
Ei: gresater than the observad surface density wvalue.

éi Ocean envircnmen*al params*ers <that have *“o be pres-~
é scribed include; “he fraction of short wave radiation
L
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absorbed in the ¢top cne meter 5f “he oc2an, the radiation

extinction coefficient for d2terminatisan of +the dowrward
turbulent heat flux, and the critical Richardson nuaber for
a stability adjustment at the bottom of the mixed layer.

The parameters required for surface boundary condi<ion
coaputations include wind speed and dirsction, cloud cover,
sea surface temperature, air -s2mperature (dry bulb), dew-
point “zmperature, incident solar radiatiorn, and +the ra+z 0f
evapcration (E) and precipita*isn (P).

The turbulen* fluxes of latent heat, Q,, 2and sensible
hzat, Q,, are estimated using the bulk 22rodyramic formu-

lae:

Qe= C4 (.98Eg - 23) Uy (133)

Qp= Cg (Ts = Ty)uy, (13b)

and the net btack radiaticn is estiamatsd £f-om “he empirical

equaticn (Husby and Seckel, 1975):

- 2
Q= 1-14X 107(273.16+7,)" (.39 - .5E)) (1 - .6C7)  (13c)

vhare E;, Is *he sa*urated vapor oressure 5f +ke marine air
(0.98 corrects fer salt defects), E, is the vapor pressure

cf air based on “he dJew-point temperaturz, 7T, ai- campera-

[+
Q
ot
’.l.
(¢}
(=]
W
(=]

“ure, T, sea surface *temperature, and T is the fr

cloud cover. The upward hea: Zlux, Q,, i35 *“hen given as:
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The solar radiation, Q,, iIs given by:
b 3
Q= (1 - ax') (1 -.66C7)Q, (15)

vhere 9, is the clear sky radiation given by (Seckel and

Beauday, 1973):
Qo= A,+ A;ccs § + Bysin § + 1,008 2% + B,sin 2§ (16)

The constants a and b are adoptad frem Tabata (1964) and the
cubic cloud cover ccrrection from Laevastu (1960). The
variable is the zid~day elsvation angls of *he sun. The
coefficien*ts (A,,A,, ect.) wer2 calculat=24 by harmonic rcep-
raesentatior of the values pr2dicted 3ia *“he Smithscnian

Meteorological Tables (1ist 1958) wit
Q= (21/365) (k- 21) (17

where « is “he julian day of the year.

Not all of the incoming short wave radiation penetrates
<he ocean mixed 1layer. Approximately half (for opsn ocsan)
is absorbed within *he first ame*sr. The amourn* absorbed
varies from region *o region deperding on the amount of
absorbing pac+icles such as phytoplankton and yelliow sub-

stance. More radiation will bz absorbesd in coas*al -egions
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thar in the open ocean regions. This por+<ion of absorbed
short wave radiation 1is therefore considzred to be part of
the upward heat flux. The r2mainder of the short wave radi-
ation does penretrate *he mixed layer and i{s attenuated in an
exponential fashion depending >n water turbidi+y. If the
fracticn cof solar mmdiation absorbed in the first meter, RE,

is given, ther the net hea:t at the surfacs is given by:

Qnet = QIJ + (Rf) Qs - Qs ‘18)

From these, the surfacz fluxes of bucyancy (heat and
cal“) and momentum can then be compu*ed. The turbulant *em-

paratur2, salinity, velocity ard buoyancy fluxes ars given

by:
(T'w') = =Qnet /9% (19a)
(S*w') = (P-E)Sg (19b)
(a'w?!) = u*2 {19¢)
(b'w') = afx(T'w') - B(S'W') (194)

respectively, where u*, friction velocity in air, is calcu-

lated by:

2
Ts=faCqlyqg (20)

u*= {T,/f )2 (21

36
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The subscript zero refers to tha surface value and T; is the
surface stress (dynes cn'z). In this aodel, 2 positive
buoyancy results when Qnet<0 ani B>P, Daring day:ime peri-
cds, nega*ive buoyancy flux rssuits froa the domiration cf
the solar hea+ing at the surface, whils during the nigh+
periods, a positive buoyancy flux is pr>duced by tha ccm-
bined effect of net long wave radia<ion and the upward tur-
bulent fluxes of hea* and moisture.

Nev ocear teamperature, salini+y and wind drivern currea+
profiles are predicted a* one hour intarvals. These are
then ussd to predict +he rew mixed laysr d=pth. Th= steps

in <«he predic*ion computa*iona are shown in Pigure 7.

D. FORMULATED COUPLEL BOUNDARY LAYER MODEL
The physical processes described inm the precsiing two

sections were no* altered duriag <+he coudling steps. Somne

(s

n>difica-ions waere involved in <transf2rring pacametecs
between the models. Also n2c2ssary was “he uniformi-y of
uni<s., The crnly parameter supplied from the ccean model for
use in atmospiteric compu+a+ions is the pr=dic*ed sea surface

temperature. However, this pra2dicticn is influenced by mary

atmosphnaric paramet=zrs.
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Parameters 3in the atmosph2re init
wind speed ard direction, dew-point tempazrature, 1latitude,
julian day, and time of day. Short wave vradiative flux
(direc- and diffuse), iong wavea radiative flux, sensible and
latent heat fiuxes, and *he surfacsz momentum flux were ccm-
puted by the atmospheric sec+tion of th2 coupled wmodel and
input 5 +the ocean model.

The first problem associa+:zd with th2 coupling involved
*he different prediction “ime steps of th2 seperatz modais.
The atmospheric mcdel wuses 2 30-minucz +*ime interval,
whereas, the ocean model uses 2 one-hour =ime s*ep interval.
Assuming rno significant sea-surface temperature changs would
take place cver the shor* ons-hour interval, +he oceﬁn aod-
el's oprediction scheme was Inserted icoto the atmospher=s
modsl 2s a subroutire. This predictisn scheme is only
called every c+*her 30-minu%e =ime step. The ccean mcdzl's
initializaticrn rou*ines are =xzcu+2d iImnadiately upcn *he
cocmpletion cf ~he atmosphere model's initialization.

The seccnd prcbiem was wi<t wind iapaz. The ABL mod=sl

does not require wind 3direc*ica as an in

g ]

ut parame=ar, OLly
“ha magnitude of the wind spe=24. Howeva2r, +<he oc=2an acdel

csquires wind direction *c compate the horizontal componen<s

39
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¢cf the winds. These components are ussedl to de+termine the

. 2
ccearn turbulent velocity flux, u%*

k » comporents used in the

momentum budget computaticns. A new subroutine was added in
the initializa*ion scheme to 3z termine the horizontal wind
components from wind speed and direction input. These com-

ponents are determined by:

U9, = = (sin 8)u,, (222)

Rygy = ~(cos 8)u,, (22Db)

where u,qy is the specified wind speed at 10 nmetecs ard *the
east-wes: ard north-south comporents ar: u,,, ard u,4, o
respectively. 8 is the diraction from which +the wirds are
blecwing relative to true north. Use 9f =qua+ions 20 and 21

and the following relatiorship:

2 2
Tg= Pal* = p u¥, (23)

aillows the ocean turtulert valoci<y flux (uﬁf) <¢ be deter-
nined (assuming =he density of seawater,‘fw, +¢c b2 approxi-
m2ted by 1) by firs+ compu+ing +h2 winz stress Ironm
azmespharic parame*srs and *hen equating *he ocean turbuien+

veioci*y flux *o the computed wind stress value. Ths hori-

m

5 . : 2
zontal components of *he <turbulznt veldcity fluxes 1%, arnd

2 , .
n¥,, , are ther easily computed by:
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2 2 2 2
u* =Cqu o = Cy(Uygx + Uyp,°) (24)
2
udy, = Cyu,,,2 (25a)
u%, 2= Cylyq,° (25b)
y 10y

The atmospheric derived values are compat2d using the MKS

unit system and had to be convar+el to the CGS system prior

§-0e
.-lo

=5 any oceanic computations. This conversion is don2 at the
start of each ocean prediction run.

As discussed in section B, the short wave radiative fliux
is calculated using *he delta-Eiington method. The long wave
radiative, sensible heat and latent heat fluxes are compu+ted
A unit con-

using equaticrs 10a, 10b and 10z, respectively.

these

w

version from Watts m to cal cm s is rsquired on

values prior *o use by ocean model. Phis «conversion is

again dore a* *he start of the ocean przdiction run. A flow

diagram oi the steps in <he coupled model's prediczion cca-

putation is shown ir Figure 8.
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ITII. DAIA AND YODEL RESULIS

The data sets used in this study are from ‘he Coopera-
tive Pxperiment on West Coast Jdceanography and Meteorology
from 21 Sep“ember to 12 October 1976 (CEWCOM-76) and from S5

to 23 May 1978 (CEWCOM-78). Bo>+h were conducted in the Los

L Angeles-San Diego basin. Oceanic and ataospheric 4data were
ccllectad simul*aneously <throughcut th2se <+ime periods.
- XBT's ware deployed from th2 R/V ACANIA >n a regular basis
(2-3 per day) in conjunction with a+*mosphec-e radiossondes.
S2a surface “emperature and atmospheric 3ata such as winds,

temperature, 2nd relative humiiity wers also obtained con-

“inpuously *hrcugh these pericds on board the R/V ACANIA.
Thrze 2u0-hour periods were selacted for model ini+iali-
zztion and verification. Tha firs* +tw> cases cover a
48~-hour pericd, 5,19/0500 to 5/21/0500 PST, during
CEWCOM-78. This pericd coinciizs with “h2 observa+tions dis-
cussed in chapter 2, ir which coupled ai--sea interactions

were cited as possible explanations for changes in bo*h *he

2<mospheric and oceanic mixsd layer. Sa*tellite imagery
showed uniformly increasing stratus coverage (*hin to heavy)

during <this 48-hour .pericd. A clear sky situation was
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chosen for the third case. This 24-hour period, 10/04,/1900
*o 10/05/1900 PST, was during CEWCOM-T76.

The general location of the R/V ACANIA during these
pericds is skown in Figures 9, 10 and 11. During case 1 the
cship was at anchor for the majority of th2 time perisd. The
anchcrage location is shown in Pigure 9. For cases 2 and 3
the R/V ACANIA wvwas cruising slowly (2-3 kaots) re*urning <o
an initial point approximately 2very 12 hours. Winds were
primarily from the west during the <cas2 1 periogd, The
winds shifted slightly to a wast-northwest direction midway
“hrough the case 2 peziod. Winds for cas2 3 were primarily
from th2 northwest and were much slcwer than in either case
1 or 2.

Two predictions were analyz2d for each case, one predic-
=iorn was based on the <couplzd air-sea boundary layer model,
and +*he <second pvrediction was with the atmospheric modsl
with a fixed surface *“emperatur2. A sejarate oceanic pre-

dic+tion usinrg fixed a+mospheric pac-ametsrs

—

persis+snce) was

not mada. This was the result of an iri+ial modificaiion

tha* removed the wind stress and hsat flux ccmputation pack-
age in *he ocean model Zn preparation for coupling with tha

atmosphere mcéel.




19-20 MaY

- -

' ©

%I Figure 9. Ancho-a si<ion o>f R *. Vicini+

; g of San ggcggas Islan ffgn g 5 7 % 25/ 8. Y
- Presenta~ion of -esults will be in twd> par%s. The Zics+

to be presented is *he <couplad model's performance wisti

—aspect t¢c observed oceanic arl atmosphasric varia<ioans. The

second will deal wi*h a comparison of predictzd valusas

Ve
3
Vo
yo.
e

btetweer “he coupled model and the atmospharic model. All
f; *ables and fiqgures ar2 grouped +“ogeth2r by case number a-=
}; “he end of the chapter.
b
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A. RESULTS FROM COUPIED MODEL

1. CASE 1 (2300 19 Hay %o 0300 22 Nay)

A listing of predicted atmospheric and oceanic mixed
layer quanti+ies for <+his cas2 appear in Table I. Values
are for each 30-minute time steo and since oceanic values
ar2 only computed at one-hour intervals, the same value
appears at two time steps. The parama2tars listed include:
height of inversion (2i), k2ight cf 1lifting condensatior
level (21lcl), vind speed (Wind), atmosphsric mixsd layer
potential temperature (Th), =vaporation duct height (Ze),
s2a surface *emperature (SST, ocean mixed layer depth
(MLD), and the net ocean surface heat flux (TW).

Predicted values are also shown 3in Figures 12
through 17, Figure 12 shcws the time evolu*ion of predic-
+2d sea-surface *+emperatures (solid line) 2and ~he values of
the measured surface <temperaturss (dashed line). Figure 13

shcws the +“ime evolu*ion of *he ocean aixed 1layer depth.

W

Figqures 14-16 show ocean verzical profilss for *“emparature,

t
(=2

u anad v wind driven <current vzlocities, and

Q

"

alini<y
change from an ini*ial wvalue of 33.5 ppt, respectively.

Fiqure 17 shows predictions of 2+mospheriz parameters.

us




High solar insulation jurirg the day*ime rasults in
2 net downward heat flux (oc2an warmirg). This can be read-
ily observed in <+he net surface heat flux values (TW), in
Table I, with *he negative sign app2aring 3uring the daytime
hours. Maximum heating of th2 ocsan occurred between 1300
and 1400 local time. This same pattern, warming in the day-
time hours, is also cbserved in the sea surface +emperature
values, Table I and Pigqure 12.

The winds appeared to be fairly constant, sas”',
be~-ween 0500 2and 1100 on *he nineteenth. 4ind mixing couplad
vith oconvective cooling at +the surface caused thz mixed
iayer depth to deepen slightly from 19.5 %5 20.9 m (Figure
13) . This deepening and net h2at loss 2t the surface caused
“he su-face temperature to drop. As hesating of *he ssa sur-
face bhegan *c increase due to the increzase of solar radia-
-=ion, a shallow mixed layer of 14 meters formed.

The winds rapidly decr2ased from 8 “o 5 ms’'at 1200.
This coincideé with a near wmaximum valus of -adia“ive hea=-
ing causing a shallow 7 meter mixzd laysr <o form in less

than 1 hour. As day-ime heating con+iausd, a shallowear

)]

mixed layer cf 3.5 me*ers fo-m24. This process is r2fecr=d

t0 as +the 'afternoon e&ffec+' in acoustic li*era*ure and is a
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quite commor phenomencn ir many areas of the ocean. In Pig-
ure 14, the 7 meter ni*ed layer is barsly discernibl2 in the
1300 vertical temperature profile. The wszak gradient at the
base of the mixed layer only raquired weak mixed layer ero-
sion (increase in winds or convactive co9oling) *o break down
the shallow mixed layer. During the lats afternoon, <*he
winds began o increase, ard with the Jzcreasing of solar
radiation, the shallow thermocline was er>3ed away. The MLD

con+inued deepening for the remainder of the time period due

ooy

- +5 wind-driver and convective mixing.
! Since sea-surface tempsrature is th2 sole input from

the ocear model to the atmosphere mod=2l, a comparison is

made cf predicted and ac*tual ssza-surface temperaturs valuses
(Figqure 12). Since *the R/V ACANIA was 2t anchor during *he
ma jority c¢f this time period, +his is <considered the best
case to determine how well sea surfac2 *%“2mperatuce changss
due to atmospheric forcing are being pr2dicted. The couplad
model predic*ion yielded a 0.259C “emperi-ure increase dur-

ing +he daytime heating period with a maxizum temperaczure of

[ 1

18.49C at 1600 local time. A aaximum surface “emperaturs 2

15.69C was observed a% 1600 3iving a 0.29C errer.
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After the day*ime heating periosd, the surface tem-
peraturas began “o drop. Tha minimum predicted surface tem-

perature at the end c¢f the 24-hour period was 15.2°9C which

A ~~ I

yialds a2 0.29C temperature drop. The 0.069C tempsrature

drop prior to ocean warming aak2s the magni“‘ude of the pre-

dicted diurnal warming and coocling to be apprcximately
equal. The ac*ual minimum t2mperatur2 a*+ +*he end of the
g period was 14.960°C. Although thers are small errors in *+he
magnitude of the diurnal heating and cooling affects, the

<ime evoluticn of this phenomenon is pradicted quite well.

Precipi*ation was not observed du-iang this period,
+herefore the surface moisturs2 flux and surface saliri<zy
flux were due en*irely to evapdora*ion. Th2 sligh% predict=4
increas2 in salinity from 33.5 to 33.5038 pp=, shcwn in Fig-
ure 16, is due to evaroration.

An unstable ccendition 2xisted in the atmosphars Jur-
ing this prediction period. A strong baocyarcy flux at *the
surface irncreases entrainment and should -ause *he inversion
height to increase unless subsidence (assdociated with shal-
l1owing 2£ the inversion height) is strony snough %5 preven<

this increase. In this case, sabsidenc2 was rela+ively weak

(-.0028 ms”) and entrainment was able t0 increase “hz inver-

sion height.

.
e
.
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Cloud occurance/dissipation was o5f interest because

cf its affect on radiatiorn at the surface., With the lifting
condensation level, LCL, lower than the inversicn “*hroughout
this *+ime period, stratus clouds should be present during
the entire period. This feature was obssrved. During this
period the LCL decreased from 243 to 125 meters while +he
irversior height increased from 256 +0 348 meters. This
would indicate a thickening 5f +the clouds over this 2u4-hour
period which was also observad to be true. The air-sea
coupling effect on predicting these cloud featurss canrno+
be identified until the results with a constan* sea surface
“zmperature forcing are examin=3. Howevzr, on the basis of
the predicted temperature chanjyz, a significar+ influehce by

“he coupling is not expected.

5]
o

2. CASE (0300 20 May %o 0500 21 May)

A listing of predictzdi a*tmospheric 2nd oceanic mix=ad
layer quantities for +his periocd are givsn in Table III and
shown graphically in Figures 19 through 24. As in case 1,
day*ime heating at <the surface is apparent by *he nesgative
signs in frent of +he ne= surface heat flux values. The

naximum downward heat flux valus was not as high as in case

1 and was probably due *o *thickar cloud <condi*ions for this
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case. Hovever, increasing surface <temperaturss wveTe
observed durirg “his heating p=riod.

The winds increased stealily from 6 +*o 11 ms'
*hroughout <*he first half of this p2riod and slowly

'at the end of the period. Th2

decreased to about 9.4 ms
kigher winds should be associat2d with increased wind mixing
ct *he scean mixed layer. Tha increased winds caused ths=
mixed layer depth to deepen at the end of “his vpeiod. This
also reduced the shallowing of +*he mixs3i layexr during *he
aZternoon radiative heating pariod. Th2 shallowest mixed
layer formed a2t 16 me*ers versus 3.5 m2t=rs in *he previcus
case. In Figure 21, the 20 m2ter thermozline Iis sean %c be
very weak, &nd with *he higher winds, th2 shallower after-
noon mixed layer lasted only a couple 2f hours.

The effects of the diurnal heatingy 2nd cooliang peri-

cds caused a 0.1°9C temperature incrz2ase aid a 0.15°9C “emper-

ature decrease, respectively. Both valuss ars 2l1so small

th

T
than those predicted in case 1. Reasons for +he smaller
predictad increase are: 1) *hicker cilouds reduced <hs amoun=

cf solar hea“ing during the day, *“herby r=zducing +*hs diurnzl

n

te2mperature increase; 2) the higher winds increased ths ver-

tical mixing, causing cooler water below 0o be mixed ir=o
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*he upper layer and also increased the latent heat loss due
to> evaporation. thus reducing the total n2% heat flux at the

surface; and, 3) the larger air-sea temperature difference

U hbdad St A i hddridcaia
‘. a L e e

’

- increased the sensible heat loss, which 2lso reduced the nat
heat flux. The decrease in *the downward solar radiative

heating and irncrease in sensibls and latert hea“ losses were

T YrvI.;fj

somewhat balanced by *he decrease in the long wave h2at loss

due to the presance of the clouds. This decrease in the

—p——
-

long wave hea“ loss was also +he primary reascr for +the

sliqghtly smaller value in the nighttime c>9ling perisg.

4‘
P Comparisons <¢f +he pradicted surface tsmperature
1 values with the actual values (Figure 19), show a noticeable
F! difference. This is probably due tc¢ <cthe fact *ha* at 03700
9

3 local *ime or 20 May, <+he R/V ACANIA began cruising slowly
to the northwest, The regional horizental <+emperaturs

structure mus:t be taken into account. Thz southern Zalifcr-

ria «ccas*al bathymetry and associated currents grea*ly
influence the sea surface <temp=ara*ture siriac-ure. The Cali-
fornia Current brings in coldsr water f£rom “he north as it
heads south along the coast. Near Point Concep=ion, <*he
current begins to tura to thz s>uthwest asay frem *he ccasct.

Due to coas*al bathymetry, Print CToncsption also prcvidss
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shel*ering for the intrusion of warm watsr along the coast
from the south by <the Davidson Current. The <«diies and
meanders of cold and warm water make the sea surface temper-
ature structure complex in the CEWCOM exp2riment areias. The
surface temperature variation observed by the R/V ACANIA
appears to be due to ocearographic featursas.

The 19C *emperature increase in the £irst two hours,
when the ship began moving t5 “he northwsst, indicates that
“he ship's +“ransit was through one of ths small warm eddy
features. Two reasons for this are 1) Radiative heating of
the ocean did not even begir an+il af+tsr +he observaed sur-
face temperature had already b=3un o rapidly decrease, and
2) the higher winds would *end <o mix the surfacs wa‘ers
wi<h the cooler water from bslow, *hus causing a decrease in
“emperature not arn increase. The short +*ime duraticn of
this warm fea*ure 21s0o suggssts a “ransi* thrcugh an ano-
maly. With the ship only cruising at 2-3 kno*ts, %the wacm
aromaly still only lasted less than 4 hours.

The ship +turned on a3 nor+herly course a*+ 1300 and

[{)]

=he rapid +emperature decreasz s+topped. I+ is rszascnably
safe to infer frcm *hs sudden change in th2 surface “empera-

-aze *trend (rapid decrease to slight inc-czase) tha+ the ship
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is initially crossing the tempsrature gradient contours and
then followed a parallel cours2 with these2 con+ours. This
would make oceanic conditions more compatible with those in
case 1. Since the 0.4°9C temperature increase during the
daytime heating periocd comparas favorably with the value
observed while the <ship was at anchor, the increase is
therefore presumably due to tha diurnal h2a%irng.

The <ship turned back ¢to a west-northwest course
shortly after 1800 and the surface temparature immsdiately
began to decrease 1.59 in # hours. Two hours after the end
cf this pericd, 0700, the ship came about ind parallzled irs
previous course but in the opposite direction. An z=xamina-
tion of the observed sea surface temperatures shews a rapid
increase comparable to the d2crease while heading in +he
cpposita directicn. This furth2r substantiates *he observed
large temperature changes are not due to atmospheric forc-
ing, but rather to the ship's movement through an oceanc-
graphic eddy or front.

Unstabls atmospheric conditions =z=xis*ed during this
psricd as well. The 1.59C drop in the air tempera*turs and a
muchk smaller 4drop in *he ocean temperatura (0.29C) coupled

with higher wind speeds result2d in a large surface buoyancy
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flux. This resulted in a much higher predicted inversion
height change due to entrainment. The slightly smaller sub-
sidence rate was also a factor in the greater predicted
increase of the inversion height.

The 1lif*ing condensation level fluctuates up and
down unlike the steady decreasz in height %in case 1. How-
ever, the heigh: of *the LCL n2ver incr2ased above the ini-
tial height and so with the 1large increases ir height of the
inversion, thickening of the stra*tus cloul deck is predicted
“o continue during *his period 2s wa2ll.

3. CASE 3 (1500 04 OCT to 1300 05

10

cn)

jo 1}

A listing of predicted atmospheris and cceanic mixed
l2yer quantities are given in Table V and shown graphically
ir Figures 26 thrtough 31. Although <%he time period for <+his
casz is in October, there ar2 still mary f£2a*ures occuring
tha+ ar2 similar to the first two cases ii May. The primary
differences irn +this case, other than bz2ing a <cloud-frse
case, are 1) +*he air and surfacs *“emperature a~e much warmer
and 2) a much higher value of subsidenc2 was observsi.
Daytime heating is apparert in predictions Zor the
clear sky case, as exrec*ted. The magrizudes of “he 1et ocean

surface hea+ flux is, however, smaller thar *he value for

57




'r."".‘.- RGN
. . Vs

1717.7.‘

the thin stratus deck condition in case 1. This is presum-
ably dus to the difference in sa2asonal heating rate and will
no*t ke considered part of the local coupling effects.

The winds 3in case 3 are much wsaker <+han in the
first “wo cases. With the 1light winds ard high downwvard
sur face hea> flux during the 4day, a much shaliower amixed
layer might be expected. The ocean mix2l layer depth (MLD)
values in Table V (also shown graphically in Figure 25) show
that an ocean mixed layer of 1 meter suddenly forms in less
*han an hour afer lLeating began at 09J0. This shallow
+hermoclire is much s%ronger *han in eithsr case 1 cr 2, and
persists throughout most of “h2 Qday (Figure 28). As the
wirds slowly increased 1late in *the afxernoon, the shallow
mixed layer deepens. Without winds to mix this shallow
regicn, surface heating 3is much greater in +his case. A
0.69C surface temperature incr2ase was pr2dicted to occur.

As ir case 2, the ship's movemant played 2a major
role in the largs variations in observed surface ‘empera*ure
values. This prevented the varification of <he predicted
sur face tempera*ure increase during thz Adaytime hea+ing
pecicd. FPigqure 11 shows *“he complex horizon=al temperatuce

st«ructure ir +he CEWCOM-76 experiment area Ior *hs firs+*
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week of October. From this figare, it is hard %o explain
the large 2.89 *temperature drop during the first half of
the period as the ship appeared to be heading into warmer
water. The rapid temperature iacrease, starting a* 0900, is
obviously due tc the ship tramsitiny into the warm eddy fea-
“ure north of Santa Catalina Island (Figure 11).

Unstatle atmospheric condi“ioas are also present
during this time period. Tha2 high subsidence caused the
inversion to be forced downward <o within 72 meters cf the

sur face. The lifting condensa=ion level iscreases evan more

rapidly arnd finally becomes lowar than ths inversion at the
last hour of the forecast pariogd. This implies “kz forma-

~ion of a low s*ratwus cloud deck. From figure 33, fog and

~

stratus clouds were aobserved =2 form ia +*he CEWCOM experi-

ment area.

B. COMPARISON OF COUPLED AND AT MOSPHERIC MODEL

N

The seccnd and final phass of this study is to comparce

th2 previous coupled air-sea boundary layer w@model results

4

P with *“he atmospheric model resul<s usging 3 constant ssa surc-
face temperature. This comparison is > determine if any

‘ differences existed between :the atmospheric predic%iosns, and

if so, determire if these diffe-ances are due =5 coupled
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interactions. A 1listing of “he atmosphsric model predic-
tions of atmcsphere mixed layer parameters for cases 1, 2
and 3 are fcund in Tables II, Iv and VI, respectively.
Granhical presentations of <thase results are shown in Pig-
ures 18, 25 and 32. All +tables and figures ars grouped
together by case number at the end of +*his chap<ter.

The initial comparison ravzals no significant difference
in the two predicted sets of mixed layer parame*ers, indi-
ca*ing a negiigible effec* of coupled intsractions on atmos-
pheric predictions for this shor+ time period. The
predicted irversion heights are essentially identical in
both sets of predictions for all three <cases (maximum 4i€-
ference of 2 meters). This is also foand *o be true for
bumidity and even the evaporzation duct ha2ighz predictiorns.

This observation is scmewhat surprisirg since therz a sig-

s ]
D

rificant interac*ions between the surface £luxes (svapcra-
zion) and these parameters. The close proximity of =hese
parameters to the ocean surfac: would als> imply a more sig-

ificart Zmpac* even with small chang2s in sea-surface zenm-

The only parameter that seams tc¢ Dbe clearly affzczed by

the coupling is the 1lif+ing condernsation 1lavel. However,
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even for the cloudy ccnditions 2f cases 1 and 2, +his shows
only a slight deviation. A maximum difference of ornly S
meters is observed between the predictions for these cases.
In “he clear sky case under warmer and more humii condi-
tions, there is a 30 meter difference observed ip the two
LCL predicticns. However this occuired as the atmosphere
approach near neutral conditions. This may indicate the

model's inability <“o make reliabla forscasts under stable

atmospheric conditions.
o Since a coamparison of przdicted ocean parameters between
[‘ 2 coupled and independent ocszan model was nc* made, no con-

clusions on *his topic can bz made at this <tinme. Although

“snta*tiva results indicate no definit2 2dvantages using a
ccupled model for the atmospharic predictions, the reverse

may very well be +true for cceanic predic+tisrns.
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IV. GCONCLUSIONS/RECOMMENDAIIONS

On the basis of a limited study of sa2veral 24-hour prea-
dictions, surface temperatur2 variatioas are not large
enough to require ocean mixed 1layer procazsses in short “erm
atmospheric fcrecasts. Carefully selactad data sets and
considerable Interpretive efforts are essantial if general
conclusions are to be drawn on the relative roles of dynamic
prccesses in bo*h bcundary layers. Purther studies are
required to determine +*he mod21's ability to be*ter handle
forecasts at lorger +ime scaless. Furthar studies should
also include sensitivity analyses to define situations for
which air-sea interac+ion effects are greatest. Studies of
cceanic sensitivity +o a*mospharic forcing are required =c
de<ermine the impact it will have on acoustical forecas*s.

The CEWCOM-76 and 78 data, 3lthougzh able to supply
simultaneous and oceanic 3a:a, suffarad in +*wo amajor
respects FPirst, +he complexity of the horizontal tempszra-uce
structure with meanders of warm and cold eddy fea*ures had
definita impacts on otserved data. Second, data was ccl-

lacted while the R/V ACANIA was transizing +*hrough a ccmplex
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ocean tempera*ure structure. <CThangas in observed condiitions
under these circumstanceas c¢an and did mask the irtaraction
processes of interest.

Although +the primary results of this study indica*e

coupled air-sea models are probably not necessary for short
*erm atmospheric forecasts, a couplad mod2l still has advan-
tages, especially if long *era foracasts are to become pcs-

sible. Such a modsl would not be the single one-dimensional

- one considered here. However, this model offers many poten-
+ial benefits as a multi-purpose mddel with single s+ation
assessmert and prediction capabilities in +the abssnce of

shore-based support. A sound v2locity prcfile (SVP) predic-

. “ion capability could be =asily incorporated :inrto this
model. In corjunction with prasent prediction capabilities,
a multi-purpose model would be available for a wide range of

reeds. Ocean mixed layer depch and SVP predictions can be

. used in predicting ASW sensor capabilitizs, Environmental
b

L affects c¢cn *he perfcramance >f w2apons and sensors that
4 depend or eisc*rcmagnetic and =lectro-osptical wave propaga-

=ion can be evaluated using ¢h2 same moizl.
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